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RELATED APPLICATIONS 

[0001] This application claims the priority of U.S. Ser. No. 10/155,828 filed May 23, 2002 
(NT-226) and prior U.S. provisional application 60/407,449, filed August 30, 2002, all incorporated 
herein by reference. 

FIELD 

[0002] The present invention relates generally to semiconductor integrated circuit 
manufacturing technology and, more particularly, to processing apparatus and processing techniques 
such as electroplating, electroetching and chemical mechanical polishing that are applied to a 
workpiece surface. 

BACKGROUND OF THE INVENTION 

[0003] Conventional semiconductor devices generally include a semiconductor substrate, 
such as a silicon substrate, and a plurality of sequentially formed dielectric interlayers such as silicon 
dioxide and conductive paths or interconnects made of conductive materials. Copper and copper 
alloys have recently received considerable attention as interconnect materials because of their 
superior electro-migration and low resistivity characteristics. The interconnects are usually formed 
by filling copper in features or cavities etched into the dielectric layers by a metallization process. 
The preferred method of copper metallization is electroplating. In an integrated circuit, multiple 
levels of interconnect networks laterally extend with respect to the substrate surface. Interconnects 
formed in sequential layers can be electrically connected using vias or contacts. 

[0004] In a typical process, first an insulating layer is formed on the semiconductor substrate. 
Patterning and etching processes are perforated to form features such as trenches and vias in the 
insulating layer. Then, barrier and seed layers are deposited in the features and on the surface 
regions between the features formed. Afterwards, a conductor such as copper is electroplated to fill 
all the features. However, the plating process results in a thick copper layer on the substrate, some 
of which need to be removed before the subsequent step. Conventionally, after the copper plating, 
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